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[57] ABSTRACT 

A transducer for measuring gravital ?uid ?ow includes 
a composite weir member having a downstream Palm 
er-Bowlus ?ume section and an upstream uniform 
channel section. A ?exible sealed envelope partially 
?lled with dielectric ?uid is disposed in the bottom of 
the uniform channel, and is in open ?ow communica 
tion with a sealed vertical column secured to the chan 
nel wall. A pair of capacitive probe electrodes are dis 
posed within the column and the envelope. Fluid pres 
sure of the liquid ?owing in the weir forces the dielec 
tric ?uid up into the column, thereby altering the ca 
pacitive coupling of the electrodes in a manner which 
is a'direct function of the amount of ?uid ?ow in the 

10 Claims, 5 Drawing Figures 
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SEALED CAPACITOR TRANsDucER'FoRELUID 
FLOW MEASUREMENT ., 

BACKGROUND OF THE INVENTION ' 
The present invention generally relates‘: to 'the art of 

measurement of gravital ?uid ?ow, andspeci?cally to 
said measurement by use of electrical Capacitance phe 
nomena in conjunction with a. channel-choke critical 
depth meter. ' v 1 _ 

The art of ?ow measurement of ?uids,_e_f?uents, 
lique?ed ‘sewage and the like in functional gravital 
conduits, such as pipelines and 'sewer lines, is beset with 
numerous problems. Conventional mechanical meters 
using articulating ?oats, probes and varies are suscepti 
ble toclogging bysuspended particulate matter. And, 
most conventional meters require interim stoppage of‘ 
the ?ow for placement of the meter in ‘sitii even where 
a spot measurementand 'no permanent installation'is 
desired. This is because theinterior" surfaces of the 
aforementioned conduits,‘ being invariably irregular 
with protruding'mortar‘, casting ?ash,~an'd"the' like, 
cause disruptive turbulence. Even conventional'?meters 
which employ standard Palmer-Bowlus, -Parshall,-or 

to permit said interior surfaces to be ‘smoothed with a 
?lling compound both ‘upstream and downstream of the 
?ume to avoid said turbulence. Thus,‘ both ?ow inter 
ruption and construction effort are‘ necessary: *" > » 

‘It vis known in the prior art to measure ?uid ?ow in- a 
?ume by means of capacitive effect; i.e.,'dep'loying"a 
pair of spaced plates within the ?ume and measuring 
the capacitive coupling therebetween which=is varied 
by the height of the ?uid in the ?ume. This method has 
an inherent limitation in that the :variation in! measured 
capacitance is slight, and therefor inaccurate.‘ Further, 
vthe ?owing- ?uid’is relied: upon to vary the capacitive 
coupling. The ?uid may be non-homogeneous; causing 
variations in the capacitive effect and wide fluctuations 
in the ?ow measurement. Also, the ?uid may be corro 
sive or may carry particulate matter; in either case the 
capacitive probes may be altered by the ?uid, causing 
erroneous readings orv requiring constantrecalibration. 

SUMMARY OF THE INVENTION 

The present invention generally comprises a trans 
ducer apparatus for measuring ?uid ?ow through a 
weir by capacitive means which are not subject to er 
rors due to non-homogeneity of the ?uid or to corro 
sion or other physical effects. The transducer apparatus 1 
comprises a composite weir having an upstream uni 
form channel section joined to a downstream Palmer 
Bowlus ?ume section. Disposed in the bottom of the 
uniform channel section is a sealed, ?at, ?exible enve 
lope which is partially ?lled with a dielectric liquid.‘ 
Joined to the uniform channel wall is a sealed vertical 
column which is in open ?ow communication with the 
envelope. 
A capacitive probe electrode is disposed within the 

vertical column, extending substantially the entire 
length thereof and into the envelope. A second elec 
trode extends into the envelope adjacent to the lower 
end of the ?rst electrode. As the level of the ?uid in the 
weir rises, indicative of an increased rate of ?ow, the 
increasing pressure on the envelope forces the dielec 
tric ?uid out of the envelope and into the vertical col 
umn. The height of the dielectric ?uid in the column, 
which is a function of the ?ow rate in the weir, deter 
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broad-crested ?umesrequire interim'?ow' interruption 2.5" 

, -2 

rnines the .capacitive coupling between the electrodes. 
The capacitance may be measured by any well known 
electronic technique, and be employed in process con 
trol or converted to a digital or chart record ?ow rate 
readout by standard electronic devices. 

THE DRAWING 

,FIG. 1 is a perspective view of the apparatus of the 
present invention. , 
FIG. 2 is a plan view of the weir and transducer of the 

present invention. . 
FIG. 3 is a side elevation of vthe apparatus of the 

present invention. ' . , 

FIG. 4 is an end view of the weir of the present inven 
tion. A‘ 4 g . 

' FIG. 5 is an enlarged cutaway view of the transducer 
of_.the present invention. ' 

DESCRIPTION OF THE‘ PREFERRED 
I ‘ EMBODIMENT 

The ?ow measuring apparatus of the present inven 
tiongenerally includes a composite, high-walled weir 
member 11 which has anupstream uniform channel 
vsection 12 joined to a downstream Palmer-Bowlus 
?ume section 13. The weir has a U-shaped wall mem 
ber 15 formed of a tough, resilient material such as 
acrylic polyvinylchloride or the like. The upper extrem 
ities of the weir member terminate in longitudinally 
extending horizontal ?anges l7, and reinforcing mem 
bers (not shown) span the upper extremities to 
‘strengthen the ,weir. , . 

The-Palmer-Bowlus ?ume section is formed by a 
nozzle section 14, leading to a channel section ‘16' and 
adiffuserSection 18. The depth of the uniform channel 
section 12 is equal to the depth of the diffuser section 
18, at its .discharge point. As is well {known in, the hy 
draulic arts, the Palmer-Bowlus ?umeforces ?uid ?ow 
to make a transition, as shown ‘in FIG. 3, along the 
=length of the ?ume from ‘subcritical ?ow immediately 
upstreamof the nozzle section to supercritical at the 
‘channel section, and again to subcritical immediately 
downstream of the diffuser section. In forcing thistran 
sition,_the ‘Palmer-Bowlus ?ume correlates ?uid depth 
immediately upstream of the nozzle section to ?ow .rate 
of the stream through the ?ume. This correlation is 
given by standard calibration curves which are well 
known in the art. 
The ?uid depth in the uniform channel section 12 is 

measured by the transducer 21 of the present inven 
tion, as shown in FIGS. 1, 2, and 5. The transducer 
includes a thin plastic, ?exible web 22 which is lami 
nated to the wall member 5 of the channel 12, and 
which extends from the centerline of the channel up 
the side and onto the ?ange l7. Disposed in the lower 
portion of the web 22 is a generally ?at envelope 23 
formed of a thin, non form-retaining plastic material. 
Disposed in the upper portion of the web 22 is a verti 
cally extending triangular aperture 26, in which is se 
cured a similar ?exible envelope 25. The envelopes 23 
and 25 are in open ?ow communication and are sealed 
at their exterior edges. 
The lower envelope 23 is partially ?lled with a dielec 

tric ?uid, the remainder of the volume thereof and of 
the envelope 25 being ?lled with a gas such as air. A 
contact electrode 28 extends into the envelope 23 from 
the upper edge thereof, and a triangular capacitive 
probe electrode 27 is disposed in the envelope 25 with 
the lower point thereof extending into the envelope 23 
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adjacent to the electrode 28. As the depth of the ?uid 
?owing in the channel 12 increases, the ?uid pressure 
therefrom bears on ‘the envelope 23 and forces the 
dielectric ?uid up into the envelope 25. As the dielec 
tric ?uid rises the area of the electrode 27 contacted by 
the dielectric ?uid increases, and the capacitive cou 
pling between the two electrodes thus increases. The 
shape of the electrode 27 is selected so that the capaci 
tance increases linearly as the increase in the rate of 
?uid ?ow in the ?ume. 

In the preferred embodiment of the transducer the 
dielectric ?uid in an aqueous solution of copper sulfate, 
and the electrodes are comprised of a conductive ?lm 
printed onto a ?exible substrate, as is well known in the 
electrical arts. In a transducer designed for use in an 
eight inch wide channel, the capacitance varies from 
600 picofarads at no ?ow to 2400 picofarads at full 
?ow. It should be noted that the envelope 23 cannot 
extend beyond the centerline of the'channel, to avoid 
entrapment of the dielectric ?uid in pockets formed by 
the impinging ?uid pressure. I 
A pair of electrical leads 3] ‘and 32 extend through 

the web 22 to the electrodes 27 and 28, respectively. 
These leads are secured to the paired leads of a coaxial 
cable 29 which extends from the transducer to a capac 
ity measuring electronic device. The capacity measure 
ment can easily be converted to ?ow rates through the 
weir. ' 

It should be noted that the transducer of ‘the present 
invention can be employed effectively in many types of 
weirs and channels. The shape of the electrode 27 may 
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be'selected so that the capacity varies linearly with the ' 
?ow rate through channels of various con?gurations. If 
this is not feasible, the electronic readout device em 
ployed in conjunction with the transducer may be pro 
vided ' with a nonlinear coding circuit to accurately 
convert the measured copacitance to ?ow rate units. 
' lt may be appreciated that the transducer of the pre 
sent invention is not subject to the sources of error of 
prior art devices. The electrodes are isolated from ex 
posure to the ?uid ?owing in the weir, so that corrosion 
and precipitation cannot affect the capacitance effect. 
Furthermore, the capacity effect is due to the uniform 
dielectric liquid in the envelopes,~and is not sensitive to 
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changes in the composition of the ?uid ?owing in the 
weir. ‘ ' ' " 

I» claim: ‘ 

1. A transducer for measuring the rate of ?uid ?ow 
through a weir, comprising a ?exible envelope means 
secured to an inner surface of said weir, a dielectric 
liquid partially ?lling said envelope means, and a pair 
of electrodes disposed in said envelope means, at least 
one of said electrodes being disposed so that increased 
?uid pressure impinging upon said envelope means 
causes increased surface area of said at least one elec 
trode to be contacted by said dielectric liquid. 

2. The transducer according to claim‘ 1, wherein said 
envelope means includes a ?rst envelope disposed sub 
stantially on the bottom inner surface of said weir. 

3. The transducer according to claim 2, further in 
cluding a second envelope in open ?ow communication 
with said ?rst envelope, said second envelope secured 
to an upwardly extending wall of said weir. 

4. The transducer according to, claim 3, wherein said 
at least one electrode is disposed within said second 
envelope. 

5. The transducer according to claim 3, wherein said 
dielectric liquid partially ?lls only said ?rst envelope. . 

. 6. The transducer according to claim 4, wherein the 
other electrode is disposed within said ?rst envelope. 

7. The transducer according ‘to claim 4, wherein said 
at least one electrode is con?gured so that the capaci 
tance between said electrodes increases linearly as the 
?ow rate through said weir. , . 

8. The transducer according to claim 1, wherein said 
dielectric ?uid comprises an aqueous solution of cop 
per sulfate. . 

9. The transducer according to claim 3, wherein said 
second envelope is provided with a narrow triangular 
con?guration, the apex thereof joining with said ?rst 
envelope. . . 

10. The transducer according to‘ claim 7, wherein 
said at least one electrode comprises a planar conduc 
tive member having a narrow triangular con?guration, 
the apex thereof extending downwardly from said sec 
ond envelope into said ?rst envelope. 

* * * * * 


